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A B S T R A C T
Myocardial infarction (MI) has been rarely reported in association with seizures, and only of convulsive
type.
Methods: We describe a series of ﬁve patients observed over a 4-year period, who presented MI
immediately following seizures, either convulsive or nonconvulsive.
Results: Patient 1 had pre-existent coronary disease (CD) and presented multiple focal nonconvulsive
seizures. Patient 2 had no CD, normal coronary angiography and presented secondary generalized
convulsive seizures. Patient 3 had no history of CD, normal angiography and had a ﬁrst single convulsive
seizure. Patient 4 had severe CD and suffered from a single convulsive event. Patient 5 had a partial and a
generalized seizure and had no known CD.
Conclusions: MI following seizures is not an exceptional event and can occur in a spectrum of conditions
including single or repeated, convulsive or nonconvulsive seizures, in patients with or without pre-
existing coronary disease.
We suggest that the occurrence of MI should be considered in epileptic patients during and shortly
after seizures.
 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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journa l homepage: www.e lsev ier .com/ locate /yse izEpileptic patients aremore susceptible to sudden death than the
general population, and more so are patients with refractory
seizures. The most frequently recognized cause is cardiac arrhyth-
mia occurring in correspondence with seizures.1 Recently, ischemic
EKG changes following seizures have been documented in a
substantial proportion of refractory epileptic patients.2 However,
a clinically deﬁned, overtmyocardial infarction (MI) is an extremely
rare complication of epileptic events.3,4 We describe four patients,
referred to our neurological unit in a 4-year period from 2004 to
2007, who developed MI in correspondence with seizures.
1. Case reports
1.1. Patient 1
A 68-year-old male had been suffering from sporadic partial
seizures, secondary to left supratentorial stroke, for the previous 2
years. He was not taking antiepileptic drugs. He had an implanted
cardiac pacemaker for complete atrioventricular block and severe* Corresponding author at: Dipartimento di Neuroscienze, Universita` degli Studi
di Parma, Via Gramsci 14, 43100 Parma, Italy. Tel.: +39 0521 703092.
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(S. Montepietra).
1059-1311/$ – see front matter  2008 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2008.11.004chronic obstructive pulmonary disease. The patient came to our
observation for a series of recurrent seizures in a single day. The
events were characterized by head and gaze turning to the left side
and loss of contact. EEG showed theta–delta activity, intermixed
with sharp-waves, mainly on the left temporal region with
tendency to diffuse over the contralateral temporal region. Acute
brain CT showed stabilized chronic ischemic damage related to the
previous stroke, in the absence of any ﬁndings suggestive of recent
damage. Approximately 12 h after the ﬁrst seizure the patient
developed severe hypotension but reported no chest pain.
Troponin I in the serum peaked at 0.30 ng/ml and EKG showed
diffuse ST depression. A diagnosis of acute non-QMIwasmade and
the patient was transferred to an intensive care unit. Coronary
angiography was performed, showing a 70% stenosis of
the proximal right coronary artery (CA), an 80% stenosis of the
anterior descending branch of the left CA and a 70% stenosis of the
circumﬂex branch. The lesions were treated with percutaneous
angioplasty. At a 6-month follow-up the patient had good recovery
from the MI and the seizures were controlled by oral phenytoin.
1.2. Patient 2
A 56-year-old male presented focal seizures with secondary
generalization since a traumatic brain hemorrhage in the right
temporal and parietal lobes had occurred 6 years before. Hewas onvier Ltd. All rights reserved.
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admitted to our hospital after two consecutive seizures character-
ized by elevation of the left arm and secondary tonic–clonic
generalization. An acute CT scan of the brain was performed
showing the previously known craniotomy and the underlying
encephalomalacic area related to the previous trauma. Shortly
after the second seizure he developed supraventricular tachycar-
dia, that cleared up spontaneously in fewminutes, after which EKG
showed diffuse ST depression and negative V3–V6 T-waves. Serum
troponine I was 2.04 ng/ml. At this moment the patient still was
into a post-ictal stuporous state from the last ictal event and
reported no subjective symptoms. The diagnosis of acute coronary
syndrome was made and the patient underwent coronary
angiography, that failed to reveal signiﬁcant stenoses but
ventriculography showed akynesia of the infero-postero-lateral
ventricular wall. Electrophysiological assessment excluded reen-
trant arrhythmias. Inter-ictal EEG showed frequent series of spikes
and polyspikes over the right centro-temporal region. The
evolution was benign and at a 2-year follow-up he had no
recurrence of ischemic cardiac disease.
1.3. Patient 3
A 55-year-old woman experienced a ﬁrst-ever focal seizure
with secondary generalization while driving her car. Her past
history was unremarkable and she had no cardiovascular risk
factors. At awakening from the post-ictal phase she complained of
intense and persistent angor. An acute non-QMI was diagnosed on
the basis of EKG and serum troponine I. Coronary angiography was
negative. She suffered from a second seizure 1month later, coming
to our ward. Inter-ictal EEG showed theta band activity over the
temporal region on both sides with right-side predominance,
intermixed with discharges of sharp-waves and occasional spikes.
Brain CT disclosed ameningiomaof the left parietal region thatwas
surgically removed. Subsequently, seizures were successfully
controlled with sodium valproate. At a 3-year follow-up she had
no recurrence of both seizures and ischemic cardiac disease.
1.4. Patient 4
An 83-year-old man had a ﬁrst ictal event, a generalized
convulsive seizure. He was diabetic and had previous diagnoses of
severe dilatative cardiomyopathy, chronic atrial ﬁbrillation, and
mitral valve insufﬁciency of moderate entity. He was obese and
current smoker. He was on treatment with dicumarol, nitroder-
ivates and digoxin. He was admitted to the intensive care unit for a
prolonged post-ictal coma (Glasgow Coma Scale = 7). EKG showed
inversion of T-waves in anterior leads and serum troponine-I was
found to be 5.62 ng/mL. A diagnosis of acute coronary syndrome
was made and the patient underwent coronary angiography, that
showed signiﬁcant stenosis (80%) of the anterior descending
branch in its middle portion and a 70% stenosis of a marginal
branch of the circumﬂex branch. Ventriculography showed
dilatation of the left ventricle without impairment of kinetics.
Angioplasty was not performed. Brain CT disclosed chronic
ischemic lesions in the left occipital and right parietal lobes.
EEG showed a diffuse slowing of electrical activity more evident in
the right parieto-temporal region, where isolated spikes were
observed. Treatment was started with oral levetiracetam. After 1
month he had neither recurrence of seizures nor of coronary
ischemia. Thereafter, he was lost at follow-up.
1.5. Patient 5
A 74-year-old woman had a ﬁrst-ever non-convulsive seizure
and 20 min later suffered from a convulsive episode. At observa-tion she was found in a profound comatose state. A head CT scan
showed two hyperdense areas in the temporal and occipital lobes
of the right hemisphere, that were identiﬁed as bleeding from a
cavernoma in a subsequent MRI scan. When admitted to the ICU a
high-rate atrial ﬁbrillation was found, that promptly converted to
sinus rhythm after intravenous diltiazem. Twenty-four hours later
she came to our observation and 4 h later she became drowsy and
complained of chest pain. Troponin was found to be 1.1 ng/dL. EKG
showed the presence of atrial ﬁbrillation and negative T waves in
the V4–V6 leads and poor R-wave progression. Suspecting an acute
coronary syndrome, the patient was treated with low-weight
heparin, oral amiodarone, diltiazem and acetylsalicylic acid.
Echocardiography showed apical and para-apical akynesia of the
left ventricular wall, without enlargement of the ventricular
chamber and hypokinesia of themedio-basal interventricular sept.
Left ventricular ejection fraction was of 35%. Atrial dilatation was
present. In the following hours chest pain disappeared. Coronary
angiography was normal. Ventriculography was compatible with
kinetic abnormalities in the anterior apical segments. A subse-
quent ecocardiography showed a marked improvement of
ventricula kinetics and an ejection fraction of 45%. Complete
recovery was conﬁrmed by a heart MRI scan. The patient was
diagnosed with Takotsubo syndrome
2. Discussion
MI complicating seizures has been previously reported in three
patients, occurring after single or recurrent generalized seizures in
two patients with CA disease4 and during status epilepticus in one
who had no evidence of CA disease.3 The possible causes of MI in
associationwith an ictal event are multiple, but mainly related to a
mismatch between oxygen supply and myocardial metabolic
demand. This imbalance can be caused by increased muscular
activity associated with convulsions or by massive cathecolamine
release from sympathetic nerve endings, causing a raise in heart
rate, arterial blood pressure and myocardial contractility. Also the
possibility that increased heart contractile activity could damage
or rupture a preexisting plaque has been considered.4 It is well
known that acute cerebrovascular events can induce cardiac
disorders, also in the absence of ictal events, both arrhythmic and
ischemic.5 In our cases this hypothesis is reasonably ruled out
considering the absence of acute cerebrovascular events estab-
lished in all subjects on radiological and clinical grounds but
subject #5.
The ﬁve patients reported here compose a spectrum of possible
pathogenetic mechanisms leading to exhaustion of myocardial
functional reserve. On one extreme, patient 1 shows that also a
minor increase in metabolic demand can cause cardiac MI if a
nonconvulsive seizure occurs in a patient with predisposing
coronary atheromasy. On the other end patients 2 and 3 show that
a marked increase in metabolic demand such as a convulsive event
is needed to produce MI in patients without signiﬁcant coronary
stenoses. Also it should be noted that in patients 3 and 5 MI
occurred in a subject with no previous history of vascular disease
and in the absence of cardiovascular risk factors. In this casewe can
hypothesize a mechanism similar to cathecolamine-induced
reversible cardiomyopathy, as in Takotsubo cardiomyopathy
(patient 5), that is known to occur in association with seizures.6,7
The case of Patient 4 strongly resembles Patient 1. In the former,
however, ventriculography did not detect signs of MI. The
reversibility of the ischemic serologic and EKG signs can be likely
attributed to the ongoing anticoagulant treatment.
This series of patients collected over a 4-year observation
period shows that MI complicating seizures is not an extremely
rare event. We propose that clinical, serological and EKG
investigations should be considered in the hours following a
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cardiovascular disease or those who with prolonged ictal activity.
Seizure-associated acute coronary syndrome can be scarcely
symptomatic, also considering the possible prolonged impairment
of consciousness following seizures, as shown by patient 2. An
elevation in post-ictal troponin levels should suggest the presence
of cardiac injury, prompting further evaluation. In fact, as
previously reported in Literature, cardiac troponin levels usually
do not elevate after uncomplicated seizures.8 Only in one report, an
elevated serum cardiac troponin I level after a Grand Mal seizure
did not correlate with the evidence of a cardiac disease.9
MI could be suspected also in patients with no history of
cardiovascular disease and in patients who do not exhibit
convulsive events. In all our cases the prompt recognition of MI
allowed the transfer of patients in an appropriate intensive care
setting, where speciﬁc treatment was started, probably contribut-
ing to their good outcome. Cardiogenic morbidity and mortality in
epileptic patients is usually attributed to arrhythmic disorders
induced by seizures. As some authors have suggested,2,10 we
hypothesize that in some patients an ischemic etiology can be
present. Several previous ﬁndings support this conclusion. Among
them, the post-mortem investigation showing foci of myocardial
ﬁbrosis in epileptic patients with sudden unexpected death,10 the
ischemic EKG changes recorded during seizures2 and, more
importantly, the signiﬁcant association between myocardial
infarction and premature death in epileptic patients found in a
population-based study.11 By contrast, some authors have
hypothesized that the cause–effect relationship between seizures
and MI could be reversed.12 In our patients the well-documented
temporal sequence of the two events seems to exclude this.Conﬂicts of interest
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